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Description 

Metal Complexes Produced by Maillard 

Reaction Products 

Cross Reference to Related Applications 

[0001] This application claims the benefit of provisional applica- 
tion bearing serial no. 60/457,802 filed March 26, 2003 
which claims the benefit of provisional application bearing 

serial no. 60/425,777 filed November 13, 2002. 
Background of Invention 

[0002] Metals chelated by organic ligands are used as an impor- 
tant trace mineral source for humans and animals. Certain 
metal ions are especially known to be beneficial in stimu- 
lating plant growth leading to the production of larger, 
healthier plants, and increased production of fruits or 
vegetables. It has become generally accepted that the 
chelated forms of metals using organic acids are better 
assimilated by plants, animals, and human beings than 
are metal salts. Plant, animal and human tissue samples 
indicate increased metal content when exposed to metal 



organic acid chelates. 
[0003] Metal chelates have been produced in the prior art from 
the reaction of a metal ion (usually in the form of soluble 
metal salt ) with an organic acid or its salt having a mole 
ratio of one mole of metal to one to three moles of or- 
ganic acid (depending upon the valency and coordination 
number of the metal ion) to form coordinate covalent 
bonds. 

[0004] Amino and other organic acid chelates can be produced 

by reacting an organic acid with a metal ion in the form of 
an oxide, hydroxide or salt. In the prior art, for example, 
amino acid chelates have generally been made by reacting 
a metal salt with one or more amino acids, dipeptide, and 
polypeptide or protein hydrolisate ligands under appro- 
priate conditions to form an amino acid chelate. Metal pi- 
colinates can be synthesized by the reaction of a metal 
salt with picolinic acid salt in an aqueous solution. Cal- 
cium or magnesium citrates can be synthesized by the re- 
action of citric acid with calcium or magnesium oxide, 
with either an hydroxide or carbonate water suspension. 
Other carboxylic acids such as hydroxy citric, malic, 
ascorbic, gluconic, etc. may be used for the preparation of 
metal salts, complexes and chelates. 



[0005] a common example is the metal chelate FeEDTA which is 
produced by reacting the metal salt iron sulfate with an 
organic acid, ethylenediaminotetraacetic acid (EDTA), or 
its di or tetra sodium salts. 

[0006] Patents indicative of the prior art are: U.S. Pat. No. 

4,315,927 issued to Evans; U.S. Pat. No. 4,814,177 issued 
to Waldorf; U.S. Pat. No. 4, 830,716 and U.S. Pat. No. 
4,599,152 issued to Ashmead; U.S. Pat. No. 5,504,055 is- 
sued to Hsu; and U.S. Pat. No. 5,516,925 issued to Peder- 
sen. 

[0007] Although metal chelates formed by the reaction of free 
metal ions and chelating agents such as amino acids or 
EDTA are relatively inexpensive to produce, the one sig- 
nificant drawback to metal chelates formed by this pro- 
cess is that the metal chelate typically hydrolyzes at a pH 
<11. Therefore, these metal chelates are not stable in 
strong alkaline environments. 

[0008] The prior art has also identified what is termed a Maillard 
Reaction (MR). The MR occurs nonenzymatically in foods 
between reducing sugars and available amino groups dur- 
ing thermal processing. ("Reaction Conditions Influence 
the Elementary Composition and Metal Chelating Affinity 
of Nondialyzable Model Maillard Reaction Products", Wi- 



jewickreme, Kitts, Durance; J. Agric. Food Chem., 1997, 
45, 4577-4583). 

[0009] The MR is an important reaction that occurs in food 

preparation. The reaction can occur under severe or mild 
heating conditions and through many complex chemical 
intermediates, which ultimately lead to the production of 
brown compounds, known as melanoidins. Melanoidins 
are known to be non-water soluble. 

[0010] The formation of MR products (MRPs) is greatly influenced 
by both the reaction conditions and the sources of the re- 
action sugars and amino acids. The MR has been exten- 
sively studied from various chemical, technological, phys- 
ical, and toxicological points of view in foods and 
medicines. Studies have reported that MRPs exhibit an- 
tioxidant activity and antimutagenicity ("Mutagenicity of 
Heated Sugar-Casein Systems: Effect of the Maillard Reac- 
tion", Brands, C.M.J., Alink, CM., Van Boekel, A.J. S.Jon- 
gen, W.M.F.; J. Agric. Food Chem. 2000, 48, 2271-2275). 

[° 011 ] It is important to note that MR is a sequence of natural 

chemical transformations occurring during food prepara- 
tion. This reaction leads to the formation of compounds 
that, because their volatility, influence a food's overall fla- 
vor and taste. 



[0012] The chemistry of the MR is known as a complex series of 
reactions leading to the formation of a variety of products, 
including the flavors, aromas and colors considered im- 
portant in food science today. Despite the very compli- 
cated character of the MR, the first step of the interaction 
between reducing carbohydrates and amino compounds is 
the reaction of the carbonyl group of a carbohydrate 
molecule with the amino group of an amino compound. 
This reaction causes the formation of the first stable 
molecular product that has in its molecule both amino and 
carboxyl groups ("Food browning and Its Prevention: An 
Overview", M. Friedman, J. Agric. Food Chem. 1996, 44, 
No.3, 631-653). 

[0013] The main groups of products formed in the course of MR 
are N-substituted aldosamines, Shiff bases, aldosy- 
lamines, ketosamines, diketosamines, deoxysuloses, 
melanoidins, etc. The chemistry of these compounds is 
not well known and their formation mechanism remains 
obscure. In general, a given reaction mixture is a compli- 
cated composition of different organic compounds with 
unknown structures. However, because the starting mate- 
rials are primarily: a) reducing sugars (i.e., poly hydroxy 
compounds containing carbonyl groups); and, b) amino 



groups containing compounds, the final products contain 
multiple oxygen and nitrogen atoms. As it is known to 
those skilled in the art, the strongest chelating agents are 
usually organic ligands having several functional groups 
in the molecules of oxygen and nitrogen atoms. 
[0014] For thousands of years the only source of minerals for hu- 
mans was cooked food. Vitally important minerals such as 
Zn, Ca, Mg, Mn, Cu, Fe and others were supplied to the 
bodies of our ancestors not in the form of metal glyci- 
nates, nicotinates, lisinates, etc., but from the cooking 

process utilized in preparing foods. 
Summary of Invention 

[0015] | have discovered a method for producing chelated metals 
whereby the formed chelated product is more stable in 
higher alkaline environments than those chelates formed 
by the direct reaction of amino acids and metal com- 
pounds. The chelates according to my method can be 
formed by using oxidized or non-oxidized sugars and 
their interaction products with amino compounds. 

[0016] As was discussed above, a MR is the reaction of carbonyl 
groups that are present in sugars with the amino group 
found in amino acids. The MR typically occurs when cook- 
ing vegetables containing sugars with the amino groups 



found in the protein of meats and fish. 

[° 017 ] In cooking, high heat produces the brown colored com- 
pounds, known as melanoidins which are considered one 
type of MRP. However, I've discovered that other varieties 
of MRP's can be produced which are more conducive to 
forming stable metal chelates in high alkaline environ- 
ments than are melanoidins. What is required is a reaction 
between carbonyl groups and amino groups which will 
produce a soluble MRP. Melanoidins are insoluble due to 
the high temperature required to produce; again which 
typically occur in the thermal processing of foods. 

[0018] t wo methods are described for forming soluble metal 

chelates using sugars which are stable in high alkaline en- 
vironments. The methods described can use metals in dif- 
ferent forms. As defined herein, the term "metal compo- 
nent" can be metal salts, metal hydroxides or metal ox- 
ides. 

[0019] Non-enhanced Maillard Reaction 

[0020] The first method combines non-oxidized sugars and 

amino groups in sufficient amounts at atmospheric pres- 
sure under controlled temperature conditions to form a 
MRP. Then a sufficient amount of a metal component is 
added and the mixture is heated at or below the boiling 



temperature of water for a sufficient period of time to ob- 
tain the formation of a chelated metal. Although heating 
is used, the heat is significantly less than the high tem- 
perature heat (i.e. >350 degrees F. ) which is typically 
used in the thermal processing of food combinations dur- 
ing cooking. The temperature used according to my 
method is at a level so that none, or only a de minimus 
amount of insoluble melanoidins are formed. 
[002 1 ] Enhanced Maillard Reaction 

[0022] | discovered that by oxidizing sugars, I am able to in- 
crease the stability of the produced metal chelates at 
higher pH than if oxidation was not utilized. It is known in 
the oxidation of organic compounds, the usual sequence 
of oxidative transformation of carbon atoms in sugar 
molecules is: CH OH - CHO - COOH. 
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[0023] My process utilizes the principles described in the MR dis- 
cussed earlier. However, an oxidation step is included to 
enhance the yield of carbonyl groups in the sugar 
molecules which then are capable of reacting with the 
amino acids present leading to an alternative form of MRP. 
This alternative form of MRP has the characteristic of be- 
ing capable of forming a more stable metal chelate when 
reacted with a metal component. 



[0024] As is well known in the prior art, oxidation is temperature 
critical. Too low a temperature and the reaction will occur 
not at all or too slowly. Too high a temperature and the 
reaction will destroy the sugar molecule. Preferably, the 
temperature range for oxidation would be between 
40C-80C. A sufficient amount of hydrogen peroxide 
would be the preferred component for oxidation but is 
preferably added slowly to the mixture to control the re- 
action. However, any component capable of oxidizing 
sugars to form additional carbonyl groups can be used. 
Other oxidizing compounds which can be used instead of 
hydrogen peroxide include hypochlorides, periodites, air, 
and oxygen. It is to be understood where either air or 
oxygen is to be used, they would be supplied in gas form 
and be allowed to bubble through the solution mixture. 

[0025] The MRP is typically brown in color. When reacted with 

metal components, metal chelates are produced which are 
water soluble and will not precipitate at high pH. Test re- 
sults have indicated chelate stability for products formed 
from the Non-Enhanced Maillard Reaction to at least pH 
12; and, for products formed from the Enhanced Maillard 
Reaction to at least pH 13. 

[0026] The ability to use sugars in the metal chelating process is 



greatly desired because sugars are a less expensive raw 
material than the commonly used hydroxy carboxylic 
acids chelating agents. The prior art has not embraced the 
use of sugars as chelating agents and using sugars pro- 
vide a natural, inexpensive, and effective alternative to 
producing chelating agents for the production of chelated 
metal complexes. 

[0027] My invention makes possible an effective and inexpensive 
product for delivering metals such as iron in solution to 
plants existing in high alkaline environments. 

[0028] stable chelates using salts, hydroxides or oxides of Ca, 
Mg, Mn, Cu, Zn, Co, Cr, K, Fe and other metals of interest 
can be produced using my method. Sugar sources may in- 
clude different mono- and disaccharides, dextrose, high 
fructose corn syrup, starches, maltodextrins, and etc. 
Amino components may include glycine, lysine, glutamic 
and other amino acids, dipeptides, polypeptides, protein 
hydrolizates, milk solids, cream, egg solids, gelatin, whey 

proteins, etc. 
Detailed Description 

[0029] Several examples are supposed to illustrate our invention. 
For all tests unless otherwise specified, the total weight of 
the chelate formed is substantially the sum of the sugar, 



amino group and metal. 
[0030] Iron Maillardate I 

[0031] 5,75 g of glycine, 5.28 g of glucose and 80 ml of water 
were placed into a beaker provided with a reflux con- 
denser. The mixture was stirred and boiled for 2 hours. 
Thereafter, 5.1 g of FeSO xH O was added and the mix- 

a 4 2 

ture was stirred and boiled for an additional 1 hour to ob- 
tain chelated iron. Afterwards, the reaction mixture was 
evaporated on a rotary evaporator under vacuum and then 
dried and milled. The reaction product (chelate) obtained 
was in the form of a fine brown powder. The product is 
water-soluble and has stable chelated iron properties up 
to at least pH 12. 
[0032] iron Maillardate II 

[0033] 6,75 g of glycine, 10.26 g of sucrose, and 80 ml of water 
were placed into a beaker provided with a reflux con- 
denser. The mixture was stirred and boiled for 2 hours. 
Thereafter, 5.1 g of FeSO xH O was added to the mixture 

3 4 2 

and stirred and boiled for an additional 1 hour to obtain 
the formation of chelated iron. Afterwards, the reaction 
mixture was evaporated on a rotary evaporator under vac- 
uum and then dried and milled. The reaction product 



(chelate) obtained was in the form of a fine brown powder. 
The product is water-soluble and has stable chelated iron 
properties up to at least pH 12. 
[0034] Iron Maillardate III 

[0035] 6,75 g of glycine, 10.26 g. of sucrose, and 80 ml of water 
were placed into a beaker provided with a reflux con- 
denser. The mixture was stirred and boiled for 2 hours. 
Thereafter, 2.57 g of Fe O was added to the mixture and 

a 2 3 

stirred and boiled for an additional lhour to obtain the 
formation of chelated iron. Afterwards, the reaction mix- 
ture was evaporated on a rotary evaporator under vacuum 
and then dried and milled. The reaction product (chelate) 
obtained was in the form of a fine brown powder. The 
product is water-soluble and has stable chelated iron 
properties up to at least pH 12. 
[0036] | r on Maillardate IV 

[0037] 2.25 g of glycine, 20.52 g of sucrose, and 80 ml of water 
were placed into a beaker provided with a reflux con- 
denser. The mixture was stirred and boiled for 2 hours. 
Thereafter, 5.1 g of FeSO xH O was added to the mixture 

a 4 2 

and stirred and boiled for an additional 1 hour to obtain 
the formation of chelated iron. Afterwards, the reaction 



mixture was evaporated on a rotary evaporator under vac- 
uum and then dried and milled. The reaction product 
(chelate) obtained was in the form of a fine brown powder. 
The product is water-soluble and has stable chelated iron 
properties up to at least pH 12. 
[0038] Copper Maillardate I 

[0039] 6,75 g of glycine, 10.26 g. of sucrose, and 80 ml of water 
were placed into a beaker provided with a reflux con- 
denser. The mixture was stirred and boiled for 2 hours. 
Thereafter, 7.1 g. of CuSO x5H O was added to the mix- 

a 4 2 

ture and stirred and boiled for an additional 1 hour to ob- 
tain the formation of chelated copper. Afterwards, the re- 
action mixture was evaporated on a rotary evaporator un- 
der vacuum and then dried and milled. The reaction prod- 
uct (chelate) obtained was in the form of a fine dark pow- 
der. The product is water soluble and has strongly 
chelated copper complex properties that were proved by 
the Holwerda test as described in: "A Colorimetric Field 
Test for Metal Complexation in Copper and Zinc Organic 
Mineral" by Robert A. Holwerda, Ph.D., Department of 
Chemistry and Biochemistry, Texas Tech University, Lub- 
bock, TX 79409-1061). 
[0040] copper Maillardate II 



[0041] 2.25 g of glycine, 20.52 g of sucrose, and 80 ml of water 
were placed into a beaker provided with a reflux con- 
denser. The mixture was stirred and boiled for 2 hours. 
Thereafter, 7.1 g. of CuSO x5H O was added to the mix- 

a 4 2 

ture and stirred and boiled for an additional 1 hour to ob- 
tain the formation of chelated copper. Afterwards, the re- 
action mixture was evaporated on a rotary evaporator un- 
der vacuum and then dried and milled. The reaction prod- 
uct (chelate) obtained was in the form of a fine dark pow- 
der. The product is water soluble and has strongly 
chelated copper complex properties that were proved by 
the Holwerda test mentioned above. 
[0042] Zinc Maillardate I 

[0043] 5,75 g of glycine, 5.4 g of glucose, and 80 ml of water 
were placed into a beaker provided with a reflux con- 
denser. The mixture was stirred and boiled for 2 hours. 
Thereafter, 2.43 g of ZnO was added to the mixture and 
stirred and boiled for an additional 1 hour to obtain the 
formation of chelated zinc. Afterwards, the reaction mix- 
ture was evaporated on a rotary evaporator under vacuum 
and then dried and milled. The reaction product (chelate) 
obtained was in the form of a fine yellow-brown powder. 
The product is water-soluble and has strongly chelated 



zinc complex properties that was proved by the Holwerda 
test mentioned above. 

[0044] Synthesis of MRP 

[0045] The following pair of tests were performed to establish 
that a larger quantity of soluble metal chelates can be 
formed by reaction at atmospheric pressure and tempera- 
tures at or below the boiling temperature of water as 
compared to reactions occurring at higher temperature 
and pressure conditions. In this case, two tests were run 
with identical quantities, 61.54 g of sucrose, 27 g of 
glycine, and 23 g water were reacted. 

[0046] The first test subjected the quantities to approximately 
120-125 degrees C at 2.5 atm for 3 hours in a closed 
vessel. The reaction product included approximately 25 
ml of a dark brown liquid and the remainder of the reac- 
tion product was best described as a dark brown rubbery 
mass. The rubbery mass was cut into small pieces, to in- 
crease its surface area and was thereafter boiled in 700 ml 
of water for 40 min to extract all water soluble con- 
stituents from the brown rubbery mass. Following boiling, 
the mixture was cooled and then filtered. The weight of 
the insoluble precipitate was 38. lg. The filtrate was then 
combined with the 25 ml described above and then evap- 



orated in a rotary vacuum evaporator and dried and milled 
into a brown powder. The total amount of powder ob- 
tained was approximately 48 g. This amount represents a 
recovery of 56%. Stated a different way, using high tem- 
perature and pressure, the amount of water soluble mate- 
rial obtained was 56% of the total solids recovered. 

[0047] a second test was applied to the same quantities of reac- 
tants. However, for this test was performed at atmo- 
spheric pressure and at a temperature between 95-98C 
for 3 hours. The reaction product was obtained in the 
form of a dark brown viscous liquid. Since no rubbery 
mass was obtained as was the case for the first test, only 
200 ml was added instead of the 700 ml for the first test. 
The 200 ml was deemed a sufficient quantity to dilute the 
viscous liquid and was added directly to the container af- 
ter the 3 hour period and mixed. After, the liquid mixture 
was filtered and no precipitate was recovered. The liquid 
was then evaporated in a rotary vacuum evaporator and 
dried and milled into a brown powder. The total amount 
of water soluble powder obtained was approximately 88 g 
and is designaated as MRP I . This represents an improved 
recovery of 83% over the method used in the first test. 

[0048] Zinc Maillardate II 



[0049] 17 g of the MRP I, 4.83 g of ZnSC^, and 80 ml of water 
were placed into a beaker provided with a reflux con- 
denser. The mixture was stirred and boiled for 2 hours to 
obtain the formation of chelated zinc. Afterwards, the re- 
action mixture was evaporated on a rotary evaporator un- 
der vacuum and then dried and milled. The reaction prod- 
uct obtained was in the form of a fine yellow-brown pow- 
der. The product is water-soluble and has strongly 
chelated zinc complex properties that was proved by the 
Holwerda test mentioned above. 

[0050] Magnesium Maillardate I 

[0051] 6,75 g of glycine, 10.26 g sucrose, and 80 ml of water 
were placed into a beaker provided with a reflux con- 
denser. The mixture was stirred and boiled for 2 hours. 
Thereafter, 1.2 g of MgO was added to the mixture and 
stirred and boiled for an additional 1 hour to obtain the 
formation of chelated magnesium. Afterwards, the reac- 
tion mixture was evaporated on a rotary evaporator under 
vacuum and then dried and milled. The reaction product 
obtained was in the form of a fine dark powder. The prod- 
uct is water-soluble and has stable chelated magnesium 
properties up to at least pH 12. 

[0052] chromium Maillardate I 



[0053] 5.75 g of glycine, 10.26 g of sucrose, and 80 ml of water 
were placed into a beaker provided with a reflux con- 
denser. The mixture was stirred and boiled for 2 hours. 
Thereafter, 7.99 g of CrCI x6H O was added to the mix- 

3 3 2 

ture and stirred and boiled for an additional 1 hour to ob- 
tain the formation of chelated chromium. Afterwards, the 
reaction mixture was evaporated on a rotary evaporator 
under vacuum and then dried and milled. The reaction 
product obtained was in the form of a fine brown powder. 
The product is water-soluble and has stable chelated 
chromium properties up to at least pH 12. 
[0054] Manganese Maillardate I 

[0055] 6,75 g of glycine, 10.26 g of sucrose and 80 ml of water 
were placed into a beaker provided with a reflux con- 
denser. The mixture was stirred and boiled for 2 hours. 
Thereafter, 4.53 g of MnSO was added to the mixture 

» 4 

and stirred and boiled for an additional 1 hour to obtain 
the formation of chelated manganese. Afterwards, the re- 
action mixture was evaporated on a rotary evaporator un- 
der vacuum and then dried and milled. The reaction prod- 
uct obtained was in the form of a fine dark powder. The 
product is water-soluble and has stable chelated man- 
ganese properties up to at least pH 12. 



[0056] The following are examples of the Enhanced Maillard Re- 
action by oxidizing sugars. 
[0057] | ron Maillardate V 

[° 058 ] 5.1 g FeSO H O, 10.26 g sucrose and 80 ml water were 
placed into a beaker provided with a reflux condenser. 
The mixture was continuously stirred and heated in a wa- 
ter bath for 10-15 min up to 80C. Thereafter, 5 ml 30% 
hydrogen peroxide was added to the reaction solution. 
Afterwards, 2.25 g glycine was added and the reaction 
mixture was heated in a boiling water bath for 1 hour to 
obtain the formation of chelated iron. Afterwards, the re- 
action mixture was placed in a rotary evaporator under 
the vacuum and then dried and thereafter milled. The re- 
action product (chelate) obtained was in the form of a fine 
brown powder. The product is water-soluble, has stable 
chelated iron properties up to at least pH 13. 

[0059] | r on Maillardate VI 

[0060] 14 g Fe(OH) 3 , 25 g sucrose and 46 ml water were placed 
into a beaker provided with a reflux condenser. The mix- 
ture was continuously stirred and heated in a water bath 
up to 80C and 10 ml of 30% hydrogen peroxide was 
added slowly over the next 40 min to the reaction mix- 



ture. Afterwards, 4.7 g glycine was added and the reaction 
mixture was continuously stirred and heated in a boiling 
water bath for an additional 1 hour to obtain the forma- 
tion of chelated iron. The reaction product (chelate) was a 
dark green viscous solution, has stable chelated iron 
properties up to at least pH 13. 
[0061] iron Maillardate VII 

[0062] 15.39 g lactose, a catalytic amount of 0.2 g Fe(OH) 3 and 
40 ml water were placed into a beaker provided with a re- 
flux condenser. The mixture was continuously stirred and 
heated in a water bath at up to 80C and 5 ml of 30% hy- 
drogen peroxide was added slowly over the next 20 min 
to the system. Thereafter, 2.25 g glycine as added to the 
reaction product and stirred and heated for an additional 
1 hour to obtain the formation of MP. Thereafter, 3.01 g 
of Fe(OH) 3 was added to the solution and continuously 
stirred and heated for an additional 1.5 hours to obtain 
the formation of chelated iron. Next, the reaction mixture 
was placed in a rotary evaporator under the vacuum and 
then dried and thereafter milled. The reaction product 
(chelate) obtained was in the form of a fine brown powder. 
The product is water-soluble and has stable chelated iron 
properties up to at least pH 13. 



[0063] | r on Maillardate VIII 

[0064] 3.21 g of Fe(OH) 3 , 25 g molasses and 30 g of hydrolyzed 
whey protein were placed into a beaker provided with a 
reflux condenser. The mixture was continuously stirred 
and heated in a water bath up to 80C. 7 ml 30% hydrogen 
peroxide was added slowly over 30 min and the system 
was continuously stirred and heated at 80C for an addi- 
tional 2 hours to obtain the formation of chelated iron. 
Afterwards, the reaction mixture was placed in a rotary 
evaporator under vacuum and dried and thereafter milled. 
The reaction product (chelate) obtained was in the form of 
a fine brown powder. The product is water-soluble and 
has stable chelated iron properties up to at least pH 13. 

[0065] copper Maillardate III 

[0066] io.26 g sucrose, a catalytic amount of 0.2 g CuS0 4 5H 2 0 
and 40 ml water were placed into a beaker provided with a 
reflux condenser. The mixture was continuously stirred 
and heated in a water bath up to 80C and 6 ml 30% hy- 
drogen peroxide was added slowly over 15 min and then 
continuously stirred and heated at up to 80C for an addi- 
tional 2 hours to obtain formation of the chelating agent. 
Afterwards, 7.3 q of CuSO 5H O was added to the reac- 



tion product and continuously stirred and heated for an 
additional 1 hour to obtain the formation of chelated cop- 
per. Thereafter, the reaction mixture was placed in a ro- 
tary evaporator under the vacuum, dried and then milled. 
The reaction product (chelate) obtained was in the form of 
a fine dark powder. The product is water-soluble and has 
strongly chelated copper complex properties confirmed by 
the Holwerda test as described in: "A Colorimetric Field 
Test for Metal Complexation in Copper and Zinc Organic 
Minerals." Robert A. Holwerda, Ph.D., Department of 
Chemistry and Biochemistry, Texas Tech University, Lub- 
bock, TX. 
[0067] copper Maillardate IV 

[0068] 2.25 g glycine, 20.52 g sucrose, and 80 ml water were 
placed into a beaker provided with a reflux condenser. 
The mixture was continuously stirred and heated up to 
80C for 2 hours. Thereafter, 7.1 g CuSO 5H O was added 
to the reaction product and 6 ml 30% hydrogen peroxide 
was added slowly over 15 min and then stirred and heated 
at up to 80C for an additional 1 hour to obtain the forma- 
tion of chelated copper. Afterwards, the reaction mixture 
was placed in a rotary evaporator under the vacuum, dried 
and then milled. The reaction product (chelate) was ob- 



tained in the form of a fine dark powder. The product is 
water soluble and has strongly chelated copper complex 
properties that were confirmed by the Holwerda test men- 
tioned above. 
[0069] Z i nc Maillardate III 

[0070] 6.25 g ZnO, 39.6 g sucrose, 0.3 g CuS0 4 5H 2 0 used as a 
catalyst, and 24 ml water were placed into a beaker pro- 
vided with a reflux condenser. The mixture was continu- 
ously stirred and heated up to 80C in a water bath and 30 
ml 30% hydrogen peroxide was added slowly over 60 min 
at up to 80C. The reaction mixture was continuously 
stirred and heated at up to 80C for an additional 1 hour, 
then cooled and filtered. Afterwards, 2.89 g glycine was 
added to the filtrate and stirred and heated at up to 80C 
for 1 hour. Afterwards, the reaction mixture was placed in 
a rotary evaporator under vacuum, dried and then milled. 
The reaction product (chelate) obtained was in the form of 
a fine yellow-brown powder. The product is water-solu- 
ble, stable in the solution at high pH and has strongly 
chelated zinc complex properties that were confirmed by 
the Holwerda test mentioned above. 

[0071 ] Synthesis of Solubilized MRP Using Oxidized Sugars 



[0072] This test combined in a beaker, 61.54 g sucrose with 50 
ml water and 46 ml of a 30% hydrogen peroxide solution 
in the presence of a catalytic amount (0.3 g) of CuS0 4 x 
5H O. The combination was mixed for 30 min at 85C. 
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Thereafter, 27 g glycine was added to the oxidized su- 
crose solution, stirred, and heated in a water bath for 2 
hours at between 95-98C. The reaction product was ob- 
tained in the form of a brown viscous liquid. 100 ml water 
was added for dilution. After, the liquid mixture was fil- 
tered and 2.6 g of precipitate was recovered. The filtrate 
was then evaporated in a rotary vacuum evaporator and 
dried and milled into a brown powder. The total amount 
of water soluble powder obtained was approximately 84 g 
and is designated as MRP II. 
[0073] Zinc Maillardate IV 

[0074] 17 g mrp ||, 4.83 g ZnS0 4 and 80 ml water were placed 
into a beaker provided with a reflux condenser. The mix- 
ture was continuously stirred and heated in a water bath 
up to 80C for 1 hour to obtain the formation of chelated 
zinc. Afterwards, the reaction mixture was placed in a ro- 
tary evaporator under the vacuum, dried and then milled. 
The reaction product (chelate) obtained was in the form of 
a fine brown powder. The product is water-soluble and 



has strongly chelated zinc complex properties that were 
confirmed by the Holwerda test mentioned above. 
[0075] Magnesium Maillardate II 

[0076] io.26 g sucrose, 1.2 g MgO and 80 ml water were placed 
into a beaker provided with a reflux condenser. The mix- 
ture was continuously stirred, heated in a water bath up to 
80C and oxidized by 7 ml 30% hydrogen peroxide as de- 
scribed earlier. Then 2.25 g glycine was added to the re- 
action product and stirred and boiled for an additional 1 
hour to obtain the formation of chelated magnesium. Af- 
terwards, the reaction mixture was placed in a rotary 
evaporator under vacuum dried and then milled. The re- 
action product (chelate) obtained was in the form of a fine 
dark powder. The product is water-soluble and has stable 
chelated magnesium properties up to at least pH 13. 

[0077] chromium Maillardate II 

[0078] 5,75 g of glycine, 10.26 g sucrose, and 80 ml water were 
placed into a beaker provided with a reflux condenser. 
The mixture was continuously stirred and heated up to 
80C and 6 ml 30% hydrogen peroxide was added slowly 
over 15 min. Thereafter, 7.99 g CrCI 6H O was added to 
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the reaction product and stirred and heated for an addi- 



tional 1 hour at up to 80C to obtain the formation of 
chelated chromium. Afterwards, the reaction mixture was 
placed in rotary evaporator under vacuum, dried and then 
milled. The reaction product (chelate) obtained was in the 
form of a fine brown powder. The product is water-sol- 
uble and has stable chelated chromium properties up to at 
least pH 13. 
[0079] Manganese Maillardate II 

[0080] 3,37 g glycine, 8.1 g glucose and 35 ml water were placed 
into a beaker provided with a reflux condenser. The mix- 
ture was continuously stirred and heated in a water bath 
up to 80C and 5 ml 30% hydrogen peroxide was added 
slowly over 15 min. Thereafter, 6.04 g MnS0 4 were added 
to the reaction product and stirred and heated for an ad- 
ditional 1 hour to obtain the formation of chelated man- 
ganese. Afterwards, the reaction mixture was placed in a 
rotary evaporator under vacuum, dried and then milled. 
The reaction product (chelate) obtained was in the form of 
a fine dark powder. The product is water-soluble and has 
stable chelated manganese properties up to at least pH 
13. 



